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(54) Power saving for a electronic devices 

(57) A portable electronic device operable in an 
active mode or an inactive mode comprises a first 
device operating system (109) for performing device 
operating functions during the active mode but not the 
inactive mode and a second device operating system 
(121) for performing device operating functions during 
both the active mode and the inactive mode. The first 
device operating system (109) includes, a CPU (111) 
integrated on a first integrated circuit with a first timing 
circuit (148) for providing a first timing signal. The sec- 
ond device operating system (121) includes a second 



timing circuit (134) for generating a second timing signal 
during at least the inactive mode and being integrated 
on a second integrated circuit, and a power control cir- 
cuit (128) coupled to receive the second timing signal 
for generating a first control signal for deactivating the 
first device operating system (1 09) for the inactive mode 
and for generating a second control signal for activating 
the first device operating system (109) for the active 
mode. 
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Description 

Field of the Invention 

[0001] This invention relates to portable electronic 
devices, such as portable radio communication devices. 

Background of the Invention 

[0002] When designing new portable electronic 
devices, a key goal is to reduce power consumption of 
the device. In portable radio communication devices 
the battery life of the device can be increased and 
hence talk-time or standby-time increased, by reducing 
power consumption. Many ideas directed to achieving 
this goal have been developed. 
[0003] In GSM portable cellular radio communication 
devices, the stand-by time of a device is its main char- 
acteristic and thus, any improvements in the stand-by 
time provides a key advantage to a device manufac- 
turer. The stand-by time depends primarily on the Dis- 
continuous Reception (DRX) mode, during which mode 
the device only operates at specific cycles to listen to 
any paging signals from the base station which will indi- 
cate if a communication link is required between the 
base station and the portable device. During the DRX 
mode, which can be in the range of 500ms to 2000ms. 
the device should consume as low power as possible 
from the battery in order to increase the stand-by time 
[0004] It is known to use two clocks, a fasf clock and 
a 'slow' clock, to reduce power consumption. When the 
device is active, i.e. during full operation of the device, 
for example, when the device is receiving or transmitting 
a signal, a last' clock, such as a 13 MHz clock, is used 
When the device is inactive and so is not receiving or 
transmitting a signal, for example during the DRX period 
in stand-by, a •slow' clock, such as a 32 KHz clock is 
used. By using the 'slow' clock during the inactive mode 
rather than the 'fast clock', power consumption can be 
reduced. 

[0005] In the inactive mode, parts of the device, such 
as the RF front-end Integrated Circuits (ICs) are not 
used. Although the Central Processing Unit (CPU) of 
the baseband Integrated Circuit (IC) is not used during 
the inactive DRX mode, there are certain functions per- 
formed by the baseband IC, such as the 32 KHz counter 
for determining when the device has to be activated for 
the active mode, the interfaces for the keypad, SRAM 
memory, display, and SIM monitor, which must be oper- 
ational during the inactive DRX period and which there- 
fore require a voltage supply to be supplied to the 
baseband IC. All the interfaces on the baseband IC and 
other ICs that are connected to these elements which 
must be 'on' during the inactive mode must also be pow- 
ered on to avoid short circuits. Thus, most of the voltage 
regulators remain 'on' during the inactive mode and 
since these regulators are major contributors to power 
consumption , there is still significant power consump- 



tion during the inactive mode with a 'slow' clock. 
[0006] There is a need to provide an improved elec- 
tronic device which has reduced power consumption 
compared to the known devices. 

5 

Summary of the Invention 

[0007] In accordance with the present invention there 
is provided a portable electronic device as recited in 
to claim 1 of the accompanying claims. 

Brief Description of the Drawings 

[0008] A portable electronic device in accordance with 
is the present invention will now be described, by way of 
example only, with reference to the accompanying 
drawings in which: 



so 



25 



30 



35 



FIG. 1 is a block schematic diagram of part of a typ- 
ical cellular radio communications device; 
FIG. 2 is a block schematic diagram of part of a 
portable electronic device in accordance with the 
present invention; 

FIG. 3 is a flow chart representing a calibration 

process for calibrating the slow clock to the fast 

clock used in the device of FIG. 2; 

FIG. 4 is a graphical representation of the received 

active burst signal in DBX mode; and 

FIG. 5 is a flow chart showing the operation of some 

of the elements of the device of FIG. 2 when it 

switches between an active mode and an inactive 

mode. 

Detailed Description of the Drawings 



[0009] FIG. 1 shows part 2 of a known cellular radio 
communications device comprising RF front-end ICs 4 
having a voltage supply VccRF, a VCO IC 6 having a 
voltage supply Vcc13MHz, a conversion IC 8 having a 
40 voltage supply VccConv. a baseband IC 10 having a 
voltage supply VcclBC and a CPU 1 1 and the baseband 
ICs peripherals 12-20, each of which have its own volt- 
age supply. The peripherals include a Static Random 
Access Memory (SRAM) 12 which stores data used by 
45 the baseband IC during the active and inactive modes 
a display driver 14, a keypad 16, Electronically Erasable 
and Programmable Read-Only Memory (EEPROM) 18 
and FLASH memory 20. 

[0010] A 13 MHz crystal oscillator provides a refer- 
so ence signal to the VCO IC 6 and conversion IC 8 The 
output of the VCO IC 6 is coupled to PLL 13 of the base- 
band IC 10. 

[001 1 ] A power management IC 22 comprises voltage 
regulators and DC/DC converters (block 24) which pre- 
ss vide the voltage supplies to the different ICs. Block 24 is 
coupled to the main battery. The power management IC 
22 also comprises a real-time clock 26 that provides 
information to the user of the day, hour, minute, second 
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a SIM interface 30 for coupling to a SIM monitor 32 
which monitors the insertion/removal of a SIM card (not 
shown) and a power UP/DW sequencer 28. The power 
UP/DW sequencer 28 initiates the power on or power off 
of all or a selection of ICs in response to a reset or inter- 
rupt signal from the baseband IC 10 or to actuation of 
an on/off button. 

[0012] The power management IC 22 further com- 
prises a 32 KHz crystal oscillator 34 which has an out- 
put coupled to PLL 1 3 of the baseband IC 1 0. 
[0013] During the active mode, i.e. when the cellular 
radio communications device is fully operational, all the 
ICs and peripherals are 'on' and are powered by their 
respective voltage supplies generated by the block 24. 
The VCO IC 6 thus provides a 13 Mhz signal to PLL 13 
of the baseband IC 10 which uses this signal to gener- 
ate a fast' clock signal for clocking the device. 
[0014] When the device enters the inactive mode, e.g. 
when the cellular radio communications device enters 
the stand-by mode, the RF front-end ICs 4, the conver- 
sion IC 8, CPU 1 1 , EEPROM 8 and FLASH memory 20 
are powered off by the power UP/DW sequencer 28 in 
response to a signal from the baseband IC 10. Other 
ICs and peripherals which are required during the inac- 
tive mode remain 'on' and are powered by their respec- 
tive voltage supplies generated by the block 24. Since 
the functions to be performed by the device during the 
inactive mode do not need a fast' clock, the VCO IC 6 is 
also powered off and the 32 KHz signal generated by 
the oscillator 34 is used by the PLL 13 to generate a 
'slow' clock signal for clocking the device. 
[0015] A 32 KHz counter 36 in the baseband IC 10 
counts the clock pulses of the 32 KHz 'slow' clock. 
When the count reaches a first predetermined count, 
which will depend on the length of the DRX period, an 
interrupt is generated. In response to the interrupt, the 
power UP/DW sequencer 28 powers up all or some of 
the ICs, CPU 11 and peripherals and after a second 
predetermined count, generates a second interrupt in 
response to which the CPU 1 1 takes control and the 
fast' clock is again used for clocking the device. The 
CPU 1 1 knows where to re-start in its program since its 
state at power-down was stored in the SRAM 12. 
[001 6] Although the high power consuming devices 
such as the VCO IC 6. are powered off during the inac- 
tive mode and a 'slow' clock is used to drive the ele- 
ments of the device which are powered 'on', the block 
24 is still required to provide voltage supplies to those 
ICs, peripherals and parts of the baseband IC which 
are still operational during the inactive mode. Since the 
main regulators are required during the inactive mode, 
there is still significant power consumption. 
[001 7] Referring now to FIG . 2, a part 1 00 of a porta- 
ble radio communications device in accordance with a 
preferred embodiment of the present invention com- 
prises a baseband IC 109 having a voltage supply 
VcclBC and a CPU 1 1 1 . a power management IC 1 21 , 
RF front-end ICs 104 having a voltage supply VccRF, a 



VCO IC 106 having a voltage supply Vcc13MHz, a con- 
version IC 1 08 having a voltage supply VccConv, and 
the baseband ICs peripherals 112-120, each of which 
have its own voltage supply. The peripherals include a 

5 Static Random Access Memory (SRAM) 112 which 
stores data used by the baseband IC 109 during the 
active and inactive modes, a display driver 114, a key- 
pad 116, EEPROM 118, and FLASH memory 120. Uke 
components to those of FIG. 1 are referenced by the 

10 same reference numeral plus the number 100. 

[0018] The portable radio communications device in 
accordance with the present invention is operable in an 
active mode, that is, when the device is fully operational, 
e.g. transmitting and receiving a signal, or an inactive 

15 mode, for example when the device is in stand-by, e.g. 
in the DRX mode. 

[0019] In the preferred embodiment, a 13 MHz crystal 
oscillator provides a reference signal to the VCO IC 106 
and the conversion IC 108. The output of the VCO IC 
20 1 06 is coupled to PLL 1 1 3 of the baseband IC 1 09. PLL 

1 13 is coupled to a timing circuit 148 which generates, 
using the signal at the output of the VCO IC 106, a first 
timing signal or fast' clock signal for the CPU 111 and 
the rest of the communications device during the active 

25 mode. The baseband IC 109 also comprises a calibra- 
tion means 150 coupled to the PLL 113 and a 
reset/interrupt block 151 . 

[0020] The power management IC 121 comprises 
voltage regulators and DC/DC converters (block 124) 

30 which provide the voltage supplies to the different ICs 
during the active mode. Block 24 is coupled to the main 
battery 141. The power management IC 121 also com- 
prises a linear voltage regulator (LDO) 140 which is also 
coupled to the main battery 141 . The linear voltage reg- 

35 ulator draws significantly less current than the block 124 
and is used to power the communications device during 
the inactive mode, when the device is in stand-by. Block 
124 and LDO 140 are coupled to a matrix supply 142. 
The matrix supply acts as a switching system, switching 

40 between the LDO 140 and the main regulators 124 
according to the mode of operation. 
[0021] The power management IC 121 further com- 
prises a CS/SIM interface 131 for coupling to a SIM 
monitor 132 which monitors the insertion/removal of a 

45 SIM card (not shown) and for coupling to the SRAM 1 1 2 
and display driver 114 peripherals. The CS/SIM inter- 
face ensures that when the baseband IC 109 is 'off dur- 
ing the inactive mode, the SRAM 112 and display driver 

114 peripherals are tri-state. 

so [0022] A power control circuit or power UP/DW 
sequencer 128, which in the preferred embodiment is 
implemented as a state machine, generates first and 
second control signals to initiate the power off or power 
on, respectively, of a selection of ICs in response to a 

55 reset or interrupt signal from the baseband IC 109 or to 
an external interrupt from interrupt logic 144 or in 
response to a control signal from control circuit 1 46. The 
external interrupt may be due to a keyboard interrupt, a 
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RS232 .nterrupt (the RS232 being the serial interface 
connecting the baseband IC 109 with components 
external to the radio communications device) or the 
removal of the SIM card or the actuation of the on/off 
button (not shown). The interrupt logic 144 monitors s 
interrupts during the inactive mode. 
[0023] The control circuit 146 is coupled to a timing 
circuit or oscillator 134 and to the power UP/DW 
sequencer 128. Oscillator 134 provides a second timing 
signal or 'slow' clock at an output, which is coupled to w 
the power UP/DW sequencer 128 and selectively to the 
PLL 1 13 of the baseband IC 1 09 via a switch 1 52 In the 
preferred embodiment, the oscillator 134 is coupled to a 
32 KHz crystal oscillator. 

[0024] In the preferred embodiment, during the inac- is 
trve mode, the baseband IC 109 is powered off in addi- 
tion to the RF front end ICs 104, the conversion IC 108 
etc. In fact, all those circuits whose functions are not 
required during the inactive mode are powered off The 
only active circuits during the inactive mode are the 20 
power management IC 121 , the SRAM 1 12 the FLASH 
memory 120, the EEPROM 118. the display driver 114 
and the SIM monitor 1 32. All these circuits sink currents 
less than 2 micro-Amps. This means that the main reg- 
ulators and DC/DC converters 124 of the power man- 25 
agement IC 121 can also be powered off leaving the 
linear voltage regulator 140 to provide the power supply. 
[0025] Synchronisation between the fast signal and 
the slow signal when switching between the inactive 
mode and active mode is achieved using the calibration 30 
means 150 and the control circuit 146 and the informa- 
tion stored in SRAM 1 12. This will be explained in more 
detail below. 

[0026] The calibration means 1 50 of the baseband IC 
109 is arranged to calibrate the frequency of the slow 35 
clock signal using the fast clock signal. The calibration 
means 150 may be implemented in software or hard- 
ware. 

[0027] in the preferred embodiment, the calibration 
process operates as follows, with reference to FIG 3 In 40 
this calibration mode, the baseband IC 109 is powered 
on and both the fast clock and the slow clock are run- 
ning. At the start of the calibration mode, block 168 the 
reset/interrupt block 151. generates a first interrupt at 
time T= C1, block 170, in response to which the CPU 45 
1 1 1 enters an interrupt routine to store the contents of 
the 13 MHz counter (not shown) of the timing circuit 
148. block 172. After a predetermined time Tc, i.e after 
a predetermined number of cycles of the slow clock, the 
reset/interrupt block 151 generates a second interrupt so 
at time T=C2, block 174, in response to which the CPU 
1 1 1 enters an interrupt routine to store the contents of 
the 13 MHz counter, block 176. Using the difference 
between two consecutive stored values of the fast clock 
and the predetermined number of cycles of the slow 55 
clock, the ratio of the slow clock to the fast clock can be 
determined, block 178. 

[0028] Thus, once the calibration process has been 



completed the following relationship between the fast 
clock and the slow clock is known. 



N 



32 



where 



N 32 is the number of periods of the slow 32 KHz 
clock 

T 32 is the period of the slow 32 KHz clock 

N 13 is the number of periods of the fast 13 KHz 

dock 

T 13 is the period of the slow 32 KHz clock 



[0029] m other words, it is known how many periods 
of the fast clock correspond to one period of the slow 
clock. 

[0030] In the DRX mode, each period of inactivity last 
up to 2 seconds. In order to get the appropriate accu- 
racy on the slow clock, in the preferred embodiment the 
predetermined period Tc is 4 seconds so as to have an 
error of less than one 13 MHz clock period during the 
period of inactivity. 

[0031] The calibration mode may be earned out once 
only on initialisation or may be carried out periodically to 
update the above relationship so as to compensate for 
drifts in the oscillators' frequency due to, for example 
variations in temperature. 

[0032] The operation of the portable radio communi- 
cations dev.ee in accordance with the preferred embod- 
iment of the present invention as it switches between 
active and inactive modes will now be described with 
reference to FIGs. 2. 4. and 5. The operation will be 
described with respect to a DRX inactive mode 
[0033] As can be seen in FIG. 4. the DRX mode 
occurs between GSM tasks such as the reception of 
paging signals 180. The paging signals 180 typically 
last 20 ms and the DRX mode up to 2 seconds Other 
tasks may include reception of short message service 
signals, SCH synchronisation on surrounding cells 
[0034] After receipt of a paging signal 180. the device 
enters the DRX mode, block 200 (of FIG. 5). Using the 
clock period of the slow 32 KHz clock, the CPU 1 1 1 cal- 
culates the number of cycles of the slow clock signal 
before power up (first wake-up time. T1) and the number 
of cycles of the slow clock signal before re-initialisation 
of the CPU 1 1 1 (second wake-up time, T2). block 202 
These values are sent to the control circuit 146 of the 
power management IC 121 via a serial interface (not 
shown). The number of cycles of the slow clock signal 
before the fast clock can be switched off (TO) is also 
determined and its value is sent from the baseband IC 
109 to the power management IC 1 21 along with T1 and 
T2. The value depends on the time required by the CPU 
1 1 1 to store the contents of the counters and to turn off 
The CPU 1 1 1 also sends a flag to the power manage- 
ment IC 121 indicating the initialisation of the DRX 
power off sequence. At the rising edge of the next slow 
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32 KHz clock signal, the power management IC 121 re- 
initialises a slow 32 KHz clock counter (not shown) in 
the control circuit 146 and generates an interrupt to the 
baseband IC 109. The CPU 1 1 1 enters an interrupt rou- 
tine and stores the contents of the 13 MHz fast clock 
counters in the SRAM 112, block 204. The power 
UP/DW sequencer 128 powers down the main regula- 
tors and DC/DC converters 124, and the VCO IC 106, 
and the matrix supply 142 couples the linear voltage 
regulator 140 to provide the voltage supply to the power 
management IC 121, the SIM monitor 132, the SRAM 
112 and the display drivers 114, block 206. The non- 
required peripherals of the power management IC 121, 
such as the display (when a display option OFF is 
selected in the radio communications device), are set in 
the tri-state mode. 

[0035] After time TO from re-initialisation of the slow 
32 KHz clock counter in the control circuit 146, the slow 
clock signal takes over from the fast clock signal to clock 
the device in the inactive mode. 
[0036] When the slow 32 KHz clock counter (not 
shown) in the control circuit 146, which counter is count- 
ing the cycles of the slow 32 KHz dock signal, reaches 
the first wake-up time T1 or an external interrupt is gen- 
erated, block 207, the contents of the slow 32 KHz clock 
counter are latched, block 209 and the power UP/DW 
sequencer 128 generates an internal power up 
sequence, blocks 208, 210. The sequence powers on 
the main regulators and DC/DC converters 124, the 
VCO IC 106, and the matrix supply 142 reconnects the 
voltage supplies of the peripherals 132, 112 and 1 14 to 
the main regulators and DC/DC converters 124. 
[0037] When the slow 32 KHz clock counter reaches 
the second wake-up time T2, i.e. when the voltage sup- 
plies are stabilised for the different ICs and the VCO of 
the VCO IC 106 has settled, the power UP/DW 
sequencer 128 generates an interrupt/reset signal to 
the baseband IC 109, block 214. The baseband IC 109 
then starts an internal reset procedure, in terms of a 
hardware/software reset, followed by a re-initialisation 
procedure. This procedure is different from a complete 
reset procedure that could be generated by activation of 
the ON/OFF button (not shown) or a watchdog timer 
(not shown). During the re-initialisation procedure, the 
CPU 1 1 1 retrieves the last configuration of the base- 
band IC 109 before power down from SRAM 112. In 
addition, from the latched value of the slow 32 KHz 
clock, T2, the relationship between the slow and fast 
clock determined during a calibration process and the 
contents of the SRAM 1 1 2, the CPU 1 1 1 calculates the 
contents of the GSM 13 MHz counter such that when 
the timing circuit 148 switches to the fast 13 MHz clock, 
the clocks are properly synchronised. The DRX mode is 
then finished, block 216 and the device operates in the 
active mode. 

[0038] When calculating the contents of the GSM 1 3 
MHz counter, the time required by the software to read 
and load the counters must be taken into account. For 



this reason, it is preferably to manipulate the contents of 
the counters during interrupt routines, when the time 
taken by the software is accurately known. 
[0039] The slow clock may be disabled during the 
5 inactive mode or enabled during both the inactive and 
the active mode. 

[0040] As described above, the slow clock is gener- 
ated from a 32 KHz oscillator. Alternatively, the slow 
clock may be generated from the real time clock (not 

10 shown in FIG. 2 but see FIG. 1) which is typically used 
to provide information such as the day, hour, minute, 
second. An advantage of this arrangement is that no 
additional oscillator is required for the slow clock. 
[0041] In summary, the present invention provides a 

is portable communications device wherein the compo- 
nents are so arranged such that the functions required 
during the inactive mode are centralised on preferably 
one IC, the power management IC, with low power con- 
suming peripherals. Thus, the portable communications 

20 device in accordance with the present invention is 
arranged so that during the inactive mode, for example 
in the DRX mode, the baseband IC 109 is 'off', in addi- 
tion to all the other ICs and peripherals whose functions 
are not required for the inactive mode. Since the base- 

25 band IC 109 is not required and only those peripherals 
and elements with low current drains are required dur- 
ing the inactive mode, the linear voltage regulator 140 
can supply all the required voltage supplies and all the 
main regulators can be turned off which substantially 

30 reduces the power consumption of the portable commu- 
nications device. 

[0042] The invention has been described with respect 
to a portable radio communications device. However, it 
will be appreciated that the principle of the invention can 
35 be applied to any battery powered portable electronics 
device, such as a pager, a portable computer, where the 
aim is to reduce power consumption during an inactive 
mode of operation. 

[0043] It will be appreciated that although the present 
40 invention has been described with respect to using two 
oscillators, a 13 MHz oscillator and a 32 KHz oscillator, 
the present invention may also be implemented using 
one oscillator coupled to the first and second timing cir- 
cuits. 

45 [0044] Furthermore, the invention may also be imple- 
mented in a system where there are more than two 
oscillators. 

Claims 

50 

1. A portable electronic device operable in an active 
mode or an inactive mode, the device comprising: 

a first device operating system for performing 
55 device operating functions during the active 

mode but not the inactive mode, the first device 
operating system including a CPU and a first 
timing circuit for providing a first timing signal 
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for clocking the portable electronic device, the 
CPU and first timing circuit being integrated on 
a first integrated circuit; 
a second device operating system for perform- 
ing device operating functions during both the 
active mode and the inactive mode, the second 
device operating system including a second 
timing circuit for generating a second timing 
signal for clocking the portable electronic 
device during at least the inactive mode, the 
second timing circuit being integrated on a sec- 
ond integrated circuit, and a power control cir- 
cuit coupled to receive the second timing signal 
for generating a first control signal for deacti- 
vating the first device operating system for the 
inactive mode and for generating a second 
control signal for activating the first device 
operating system for the active mode. 

The portable electronic device according to claim 1 
wherein the second device operating system fur- 
ther comprises: 



10 



15 



20 



first timing signal synchronised with the second tim- 
ing signal. 

The portable electronic device according to any 
preceding claim wherein the portable electronic 
device comprises a radio communications device 



a voltage regulator coupled to the power con- 
trol circuit for receiving the first and second 2s 
control signals, the voltage regulator being 
enabled in response to the second control sig- 
nal for providing voltage supplies to the porta- 
ble electronic device and being disabled in 
response to the first control signal ; 30 
a voltage source having a low current drain 
coupled to the power control circuit for receiv- 
ing the first and second control signals for pro- 
viding voltage supplies to the second device 
operating system in response to the first control 35 
signal. 

3. The portable electronic device according to claim 2 
wherein the second timing circuit, the power control 
c.rcu.t the voltage regulator, and the voltage source 4o 
are all integrated on the second integrated circuit. 

4. The portable electronic device according to claim 1 
2 or 3 wherein the second device operating system 
further comprises interrupt logic coupled to the 45 
power control circuit. 

5. The portable electronic device according to claim 1 
2 or 3 wherein the second timing circuit comprises 
a real-time clock. 



6. 



The portable electronic device according to any 
preceding claim wherein the first device operating 
system comprises calibration means for determin- 
ing a relationship between the first timing signal and 
the second timing signal, wherein in use the first 
timing circuit in response to the second control sig- 
nal uses the determined relationship to generate a 
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